Copper poisoning, which is often associated with acute intravascular hemolysis, is relatively common in domestic animals. S heep and calves are most often affected; 2,4 however, cases have been reported in cattle, 5,1 5 goats, 8 and other animals. Animal poisonings are frequently associated with the use of agricultural products containing soluble copper salts, such as fungicides, molluscacides, and mineral mixes. 2 ,4 Animals have been poisoned by grazing on pastures naturally rich in copper 2 or on fields fertilized with manure high in copper content. 1 Many poisoning cases involve the use of copper sulfate as a growth stimulant and/or antimicrobial agent. 2 ,4 S usceptibility to copper poisoning varies widely among species 2,1 0 and is influenced by such predisposing factors as malnutrition, pregnancy, and lactation. 2 ,1 1 Swine and horses are highly resistant to toxicosis, whereas sheep are extremely sensitive. 2 Although copper toxicity levels have not been established for rabbits, these animals are reported to be susceptible to poisoning. 1 0 Poisoning is often cumulative, resulting from exposure to copper over long periods. 2 The metal can gradually accumulate in hepatic lysosomes until a threshold is reached, depending on the species involved, and the capacity of the liver to store copper is exceeded. 2 ,1 1 This stage may occur after weeks or months of exposure and may result in hepatic necrosis and the sudden release of copper ions from sequestration. 2 In some species, an increase in blood copper concentration can precipitate an acute hemolytic crisis. 1 1 ,1 3 Although rabbits are often exposed to copper through the use of copper sulfate as a feed additive, 3 ,7,9 only 1 report of copper poisoning in rabbits was found in the literature. 1 6 That case involved hepatic necrosis and intravascular hemolysis in a breeder female rabbit from a commercial fryer operation where copper sulfate had been added to the feed at an estimated concentration of 1 2 5 ppm. In the present report, copper poisoning with acute intravascular hemolysis is described in 6 breeder rabbits from a commercial fryer ranch where feed had been supplemented with copper sulfate at a purported level of 2 50 ppm.
In late November 1 993 , a local rabbit fryer producer noticed an increased mortality in his female breeder rabbits. The grower had approximately 1 ,000 New Zealand White rabbits, including 700 lactating does and 2 00 junior rabbits, housed in a 1 04-x 1 2 -m converted turkey brooder building. B reeding does were individually housed in hanging all-wire cages equipped with subterranean nest boxes. The rabbits were fed a commercial ration of alfalfa meal pellets containing 1 7% protein, vitamin supplements, and copper sulfate at the listed concentration of 2 50 ppm (1 00 ppm copper). Dry does, bucks, and juniors were maintained on 2 00 g feed/day. Lactating does were fed ad libitum.
In early December, the grower submitted 2 breeder does to the California Veterinary Diagnostic Laboratory S ystem (CVDLS ) Turlock branch laboratory for necropsy. B oth rabbits were lactating. They were in good flesh but were depressed and extremely weak. On postmortem examination, the livers were enlarged, friable, and yellowish green in color. The spleens were enlarged, and the kidneys were dark and swollen. The bladders contained dark port-wine-colored urine (Fig. 1 ) , and the stomachs were filled with partially digested feed mixed with large quantities of ingested fur. One rabbit had mucosal hemorrhages at the gastroesophageal junction.
Mild centrilobular fatty changes, bile duct hyperplasia, and hepatic necrosis were found on histopathology. Large multinucleated giant cells, Kupffer cells, and hepatocytes containing brownish pigmented granules were concentrated around portal triads in the livers. The pigmented granules contained copper, as indicated by a positive rhodanine staining reaction. 1 4 Erythrophagocytosis and hemosiderosis were noted in the spleens, and nephrosis with hyaline and granular tubular casts was found in the kidneys. Crenation and fragmentation of red blood cells, anisocytosis, and rouleaux formations were seen on Giemsa-stained blood smears (Fig. 2 ) , indicating the presence of intravascular hemolysis.
Liver and kidney tissues were tested for arsenic, cadmium, iron, copper, molybdenum, lead, and zinc by the CVDLS toxicology laboratory, using an ICP panel for selected heavy Figure 1 . Urinary bladder containing dark port-wine-colored urine found in rabbit with acute intravascular hemolysis secondary to copper poisoning. Figure 2 . Intravascular hemolysis in a rabbit associated with copper poisoning. Note crenation and fragmentation of erythrocytes, anisocytosis, and rouleaux formations seen on Giemsa-stained blood smears. metals. 6 Copper was detected in the livers at concentrations of 53 2 ppm and 541 ppm and in the kidneys at 1 2 .8 and 1 6.9 ppm ( Table 1 ) . The following week, the grower submitted 4 additional rabbits to the laboratory for necropsy: 3 does and 1 buck. All 4 animals were submitted dead. The male had fresh blood in the abdominal cavity due to hemorrhage from a ruptured liver. Two of the females were lactating, and 1 was pregnant. Acute intravascular hemolysis and hemoglobinuric nephrosis were found in both of the lactating females. Copper was detected in the livers of the 4 rabbits at concentrations of 789, 858, 1 ,1 1 0, and 1 ,2 50 ppm (Table 1 ) . Although parameters have not been established for copper toxicity in rabbits, in cattle, sheep, and goats hepatic copper levels exceeding 2 50 ppm (wet weight) are suggestive of toxicosis, 5,1 0 and levels above 500 ppm are often associated with hemolytic crisis. 1 2 Normal levels for hepatic copper in rabbits range from 8 to 50 ppm (wet weight basis). 1 0 The grower reported that a batch of feed, which was delivered just before the outbreak began, had a large number of alfalfa pellets containing what appeared to be bluish-green copper granules. Two separate samples of feed were collected by the grower and submitted to the feed company for heavy metal analysis. The first sample, which consisted of selected bluish-green pellets, was found to contain 447 ppm of copper (dry weight basis). The second sample, which was a random assortment of pellets, contained only 2 2 ppm of copper. These findings suggest that copper sulfate was not thoroughly mixed with the other feed ingredients prior to the pelletization process and that individual rabbits may have been exposed to higher than expected concentrations of copper.
Although the specific cause of the outbreak was not determined, copper sulfate-medicated feed is suspected of being involved. Perhaps individual rabbits were attracted to the taste or coloration of the bluish-green pellets, or possibly some batch or batches of feed contained excessive amounts of copper as a result of some other type of mixing error. In any case, affected rabbits had been ingesting medicated feed for many months, beginning at the time ofweaning, and some individuals may have accumulated enough copper in the livers to affect their ability to maintain copper homeostasis in the event of an overdose. Breeder female rabbits, who had unrestricted access to feed and were subject to additional stresses associated with pregnancy, parturition, and lactation, would be especially vulnerable to copper toxicosis, which may be why the majority of poisoning cases were seen in lactating or pregnant female rabbits. Mineral levels in animal health, ed. Puls R, Clearbrook, B C, Canada. Schilsky ML, Stemlieb I: 1 993 , Animal models of copper toxicosis. In: Advances in veterinary science and comparative medicine, ed. Cornelius CE, San Diego, CA. Smith HA: 1 974, Diseases due to extraneous poisons. In: Veterinary pathology, ed. Jones TC, Hunt RD, Philadelphia, PA. 1 3 . S utter MD, Rawson DC, McKeown JA, Haskell AR: 1 958, 1 5. Tremblay RRM, B Monensin toxicosis in swine D. W. Miskimins, R. D. Neiger Monensin is an ionophorous antibiotic formed by S treptomyces cinnamonensis. 5 It was the first antibiotic made and sold exclusively for use as an anticoccidial in chickens. 4 Monensin is approved to be used in cattle feed in the United States to improve feed efficiency and for the prevention and control of coccidiosis in feedlot cattle. Monensin is not approved for swine. However, reports show it has been used for coccidiosis control in swine. 1 Because of the common use of monensin in the feed industry, swine may be accidently exposed to monensin and sometimes to toxic concentrations.
Diagnosis of monensin toxicosis is established by observation of typical clinical signs and pathologic changes and documentation of toxic concentrations of monensin in the feed by chemical analysis.
Clinical, clinicopatholog ic, and patholog ic alterations caused by monensin toxicosis have been characterized in swine under experimental conditions. 7 Clinical signs in acute poisoning include dyspnea, bluish skin, ataxia, diarrhea, reluctance to stand, knuckling of hind limbs, and recumbence. Pathologic changes are dominated by skeletal muscle necrosis. Tiamulin in the drinking water has been shown to potentiate monensin toxicosis in pigs. 6, 8 In this report, we document a significant field case of monensin toxicosis in swine and describe a feeding trial that utilized similar amounts of monensin to reproduce typical signs and lesions of monensin toxicosis.
Fifty of 1 50 1 8-32-kg pigs were discovered dead on a Monday morning by the farmer. The remaining live pigs appeared gaunt and were reluctant to consume the remaining feed. The history indicated a feed change on the previous Saturday evening.
One live, ill pig was submitted to the S outh Dakota Animal Disease Research and Diagnostic Laboratory for examination. Gross lesions included pale skeletal muscles in the rear legs. Microscopically, the affected skeletal muscle fibers in the diaphragm and hind leg had extensive hyaline necrosis with hypercontraction bands and clumps of disrupted contractile material scattered within the sarcolemma (Fig. 1 ) . Low numbers of macrophages surrounded degenerate fibers. From the Veterinary S cience Department, S outh Dakota S tate University, B rookings, Received for publication August 1 5, 1 995.
There were very mild multifocal coagulative necrosis and cell swelling involving ventricular cardiac myocytes. Further history revealed that medicated sow feed had been given to grower pigs when their feeders became empty on the weekend. This farm-mixed feed was supposed to contain 90 g/ton monensin to assist in coccidiosis control. Analysis of a feed sample using the Minder calorimetric method revealed 658 g/ton monensin. 2 ,3 The pigs had received an estimated 3 4 mg monensin/kg body weight. Losses stopped soon after the feed was changed, but surviving pigs were gaunt for several weeks following the incident. The history and laboratory examinations supported a diagnosis of monensin toxicosis. A feeding trial was conducted to further study the effects of monensin toxicosis in pigs.
S ix pigs weighing 1 9-2 5 kg were used in the feeding trial. Four pigs were fed a commercial ration to which 593 g/ton of monensin had been added. Two control pigs received only the commercial ration. One monensin-fed pig was euthanized at 48 hours after the start of the trial, 2 at 72 hours, and 1 at 96 hours. One control pig was euthanized at 48 hours and the 2 nd at 72 hours. S keletal muscle and heart specimens were placed into 1 0% neutral buffered formalin, processed by standard histologic methods, sectioned at 5 lm, and stained with haematoxylin and eosin (HE).
Twelve hours after the start of the feeding trial, the monensin-fed pigs were lethargic, reluctant to rise, and stiff. One pig had dark-brown urine, and another pig knuckled over in a hind foot. Temperatures were normal. Feed refusal became evident as the trial progressed. Control pigs appeared normal throughout the study.
Gross lesions in the monensin-fed pigs included pale skeletal muscles in all 4 limbs. At 48 hours, microscopic examination of the left atrium of the monensin-fed pig demonstrated moderate diffuse myocardial necrosis. Necrotic myocardial fibers stained intensely with eosin. There was diffuse infiltration of macrophages into the interstitium in affected areas and within necrotic myocytes. Skeletal muscle fibers from the diaphragm, triceps, and semitendinosis muscles had extensive hyaline necrosis and occasional hypercontraction bands at 48 hours. Clumps of disrupted contractile material were scattered throughout the sarcolemma. Macrophages surrounded necrotic myocytes. Mild to moderate myocyte necrosis was still present in skeletal muscle 72 hours following the start of the feeding trial, and clumps of
